Abstract: Footwear-based wearable applications are relevant to numerous fields and have great commercial and clinical potential. However, scientifically validated, reliable data on these devices is largely missing. Centre of pressure (COP) is an important and common factor for measuring balance and gait and hence the validity of such devices is essential for reading accurate data. This study aims to investigate COP accuracy of an existing system, Pedar (PE), and a newly designed Smart Insole (SI) using a force plate (FP). This was done by means of COP data noise (R 2 ), and gradient of the fit function (k). 
Introduction
Annual sales of wearable technology are projected to reach $25 billion by 2019 [1] . Wearable technology devices are relevant to numerous fields and have great commercial and clinical potential. However, scientifically validated, reliable data on these devices is largely missing [2] . In addition, significant variation exists in the specifications of currently available in-shoe measurement devices from sensor number and sampling rate to the percent surface-area covered. Some devices used in gait research are Pedar [3] and F-Scan systems [4] , with PE being the most common. The PEinsole has been scientifically validated with results published extensively in the professional literature [5, 6] and is the current gold standard portable in-shoe measurement device for clinical applications. The PE is used in applications such as orthotic design, rehabilitation assessment and sports biomechanics. In this study, we chose to concurrently validate the PE insole and an innovative footwear-based SI system designed by our team against a force plate. AFP instrumented with piezoelectric sensors was considered the gold standard for measuring COP positions. COP is an important and common factor for measuring mechanical and neurological responses of individuals [7] [8] [9] . COP is defined as the origin of the resultant force of the sum of all forces acting on an area. FPfor biomechanical and posturographic measurements are the most common tool for measuring COP. In this study we focused on comparing gait parameters of the PE to a newly-developed innovative SI. The SI is an inshoe plantar measuring system developed by Tan et al. with recently published papers [10, 11] . The study aims to investigate the COP accuracy of the PE and SI systems during gait, using a FP, by means of COP data noise (R 2 ), and the gradient of the fit function (k).
Methodology

Experimental Set-Up
The PE and SI insoles were calibrated individually using a pressure vessel (Trublu calibration device, Novel GmbH, Munich, Germany). Pressure was incrementally increased up to 0.6MPa and an individual calibration function was calculated for each sensor in the sensor array ( Figure 1 ).
Coordinates in x and y directions of all systems were defined and then spatially aligned along the same points. Each insole was then secured with tape to the FP, in the correct system-specific alignment, to prevent any movement of the insole during the tests. Two participants performed 10 repetitions of 3 foot-rocking motions for each insole as follows (left foot only, shoe size: US 8): (1) forward and backward; (2) side-to-side; and (3) 
COP Data Analysis
The pressure data from SI was calculated and interpolated, using Matlab (MathWorks, Inc., Natick, MA, USA), to match the sampling frequencies of the FP. Next, the COPx and the COPy of the SI were calculated from Equations (1) and (2), where Mx and My are moments about x and y-axes, respectively, and Fz is the vertical ground reaction force in the z-direction calculated from the calibration functions.
COPx of each insole was plotted against COPx of the FP and a liner regression was fitted through the data. Next, the same method was repeated for COPy direction. This analysis provided us with the coefficient of determination (R 2 ) and the gradient of the fit function (k). The need for both parameters is paramount as the R 2 value is a measure of the random error whereas the k value is a measure of the systematic error.
Results
Pedar Insole Data-COPx and COPy
Pedar experiment results shown below are from one participant. The COPx of the PE (orange) and the FP (blue) were plotted against time and assessed visually ( Figure 2a) . Next, the R 2 (0.8409) and k value (1.0492) were extrapolated (Figure 2b) . 
Smart Insole Data-COPx and COPy
SI experiment results shown below are from one participant. The COPx of the SI (orange) and the FP (blue) were plotted against time and assessed visually ( Figure 4a) . Next, the R 2 (0.7837) and k value (0.8867) were extrapolated (Figure 4b ). The COPy of the SI (orange) and the FP (blue) was plotted against time and assessed visually ( Figure 5a) . Next, the R 2 (0.9368) and k value (0.8538) were extrapolated (Figure 5b) . 
Discussion and Conclusions
This study focused on comparing gait parameters between the PE insole to a newly-developed innovative Smart Insole (SI). The study aimed to investigate the COP accuracy of the PE and SI systems during gait, using a FP, by means of COP data noise (R 2 ), and the gradient of the fit function (k).
The above results can be summarized into Table 1 
